The absorption of light during atomic collisions is treated by coupling electronic excitations, treated quantum mechanically, to the motion of the nuclei described within a short de Broglie wavelength approximation, using a density matrix approach. The time-dependent electric dipole of the system provides the intensity of light absorption in a treatment valid for transient phenomena, and the Fourier transform of time-dependent intensities gives absorption spectra that are very sensitive to details of the interaction potentials of excited diatomic states. We consider several sets of atomic expansion functions and atomic pseudopotentials, and introduce new parametrizations to provide light absorption spectra in good agreement with experimentally measured and ab initio calculated spectra. To this end, we describe the electronic excitation of the valence electron of excited alkali atoms in collisions with noble gas atoms with a procedure that combines l-dependent atomic pseudopotentials, including two-and three-body polarization terms, and a treatment of the dynamics based on the eikonal approximation of atomic motions and time-dependent molecular orbitals. We present results for the collision induced absorption spectra in the Li-He system at 720 K, which display both atomic and molecular transition intensities.
I. INTRODUCTION
Studies involving electronic transitions of an alkali atom interacting with a noble gas ͑Ng͒ atom or a cluster Ng n of such atoms has recently received considerable attention [1] [2] [3] [4] [5] [6] [7] due to its presence in many phenomena of interest, such as pressure broadening studies of spectra in condensed matter, and kinetics in hot gases and plasmas. Alkali-Ng pair interactions are the basic components in the description of manyatom excited Alkali-Ng n systems, which serve as convenient examples for the study of solvation effects in optical spectra. The alkali atom-Ng atom systems are ideal for theoretical study using atomic pseudopotentials. Due to fact that the alkali core and the Ng atom have a closed shell structure, it is possible to reduce the many-electron alkali-Ng problem to a one-electron three-body problem involving the alkali valence electron, and cores of the alkali ion and Ng atom. This is convenient by comparison with an ab initio all-electron calculation which would be more accurate in principle but impractical for a large atomic cluster.
A theoretical treatment of the collisional dynamics of atomic pairs involves interatomic potentials and the nonadiabatic couplings responsible for electronic transitions. We have previously developed a first principles, ab initio treatment of quantum molecular dynamics applicable to systems undergoing electronic transitions. Our treatment, eikonal/ time-dependent Hartree-Fock ͑eik/TDHF͒, consists of combining nuclear motions described by an eikonal ͑or short de Broglie wavelength͒ approximation, 8 and a time-dependent description of electronic states. [9] [10] [11] [12] [13] This method has been used to describe electronic energy and charge transfer in several applications for one [9] [10] [11] [12] and many 13 electron systems.
Recently, we extended this treatment to include l-dependent pseudopotentials to study collision between alkali and Ng atoms in the keV energy range 14 and at hyperthermal collisional energies including spin-orbit recoupling. 15 Our treatment involves propagation over time of the full electronic density matrix, from which one can generate properties of interest during collision such as population, polarization and alignment parameters, the dynamics of electronic orbital and spin angular momenta, and the total electronic dipole. Collisions between atomic species are accompanied by electronic rearrangements which create a time-dependent electric dipole. This oscillates over time and in accordance with classical electromagnetism should emit light. Previously, we have used this treatment to study light emission in slow ion atom, H + + H, when the electron jumps between protons. Conversely, the absorption of light by the colliding species can also be described in terms of the oscillating electric dipole created by the electromagnetic field of the light.
Experimental and theoretical investigation on the optical spectra of the alkali-Ng system dates back to the work of Gallagher and co-workers who measured the emission spectra for alkali-Ng interactions at thermal energies and interpreted results using a quasistatic model developed from the Franck-Condon principle. 16, 17 absorption cross sections with scattering wave functions and interatomic interactions obtained from electronic structure. [20] [21] [22] These are treatments based on stationary quantum states, which we briefly review here to contrast them to our approach, based on a time-dependent description of electrons coupled to nuclear motions.
The optical spectra of alkali-Ng system are characterized by the presence of satellite bands on the red and blue regions of the atomic transition lines, which provide information on the atomic interactions in the system under investigation. The quasistatic model explains the appearance of the satellite bands as due to the presence of molecular potentials V͑R͒ changing with distance between the initial and final states of the atom in transition, as it interacts with a perturbing species. The model states that difference potentials d⌬V͑R͒ / dR relate the distribution of perturbers directly to the spectral distribution of the atomic line. It gives the one-perturber intensity distribution I͑͒ per unit frequency as proportional to the probability of finding a perturber atom within distances R and R + dR from the radiating atom, as 22 I͑͒dR ϰ n p 4R
where n p is the perturber density, ប = ⌬V͑R͒ = V i ͑R͒ − V f ͑R͒, where i and f are the initial and final states, respectively, so that = ͑R͒, and ⌬ is a range of frequencies around each intensity peak. The intensity distribution in the quasistatic model is inversely proportional to d / dR and therefore becomes singular when d⌬V͑R͒ / dR = 0 at distances R M that are designated as satellite structures in the intensity distribution. This provides a convenient way to predict the position of satellite bands by calculating the difference potentials of the system under investigation and finding where they show a maximum or minimum. Behmenburg et al. 2 presented theoretical calculations and experimental measurements for the 3D excitation of Li͑2p͒He. They measured the excitation spectrum associated with the 3P⌳Ј, 3D⌳Ј ← 2P⌳Љ molecular transitions generated using a two-step excitation ͑with cw dye lasers͒ via the fluorescence signal from the atomic Li͑3D-2P͒ line as a function of the wave number detuning ⌬ = ⌬ /2c from the center of this line. They reported the relation between the cross section for 3D excitation and the molecular absorption cross sections as
with C a constant, and where 2P3D ͑⌬͒ and 2P3P ͑⌬͒ are absorption cross sections obtained by adding contributions from the molecular scattering channels 3D⌳Ј ← 2P⌳Љ and 3P⌳Ј ← 2P⌳Љ, respectively. The factor ␥ measures the degree of thermalization between the 3P and 3D levels which in the case of He was almost unity at the He densities used in the experiment. 2 also carried out quantum calculations of the free-free spectra 2P⌳Љ → 3P⌳Ј3D⌳Ј using different potentials and transition dipoles as input. They compared calculated spectra using potentials from ab initio CEPA-2 configuration interaction ͑CI͒ calculations, a modified Fermi pseudopotential method, and a model potential method 23 and found that the ab initio calculations gave the best comparison with experiments. They also calculated potentials using the modified pseudopotential method of Czuchaj et al., 1 which is our method of choice, but they did not calculate the absorption spectrum using this method. They obtained the thermal cross sections ͑per active atom͒ under conditions of binary collisions given by 24 
͑͒
where the energy-normalized wave functions for the nuclear motion are related to the molecular channels of the free-free transitions ⌳Љ → ⌳Ј with rotational quantum number J and energies EЈ = EЉ + hc⌬, Q͑T͒ = ͑2k B T / h 2 ͒ 3/2 is the translational partition function per unit volume with the reduced mass of the diatomic, n X is the volume density of perturbers, c is the speed of light, g i is the degeneracy of the initial state, and the integral over EЉ accounted for thermal averaging. The cross section is related to the optical collision rate k oc ͑Ref. 25͒ by k oc n X = cn , where n is the photon density.
The variation of the transition moments d ⌳ Љ ⌳ Ј ͑R͒ with internuclear separation was accounted for in the calculations of the profiles but all nonadiabatic effects due to mixing of electronic levels during a collision were ignored. The total absorption due to free-free transitions was expressed as a sum of independent contributions from pairs of adiabatic potentials. They argued that as long as no long-lived quasibound levels were involved the calculated intensities also referred to the excitation of the atomic 3D and 3P states of Li caused by optical collisions and therefore directly compared them to fluorescence rates from these levels. A normalized excitation cross section was introduced, for both experimental and calculated spectra, for a n He He density estimated to be about 4 ϫ 10 18 cm −3 at 720 K. That treatment can be related to the quasistatic model substituting semiclassical wave functions for in Eq. ͑3͒ and using the Franck-Condon principle and the stationary phase approximation, 26 to obtain
is the frequency of light emitted, V i͑f͒ is the potential of the initial ͑final͒ state, R is the distance between the perturber and radiator, and D is the transition dipole moment. To obtain Eq. ͑4͒, the integral over position in Eq. ͑3͒ was transformed to an integral over time using R͑t͒ and the Fourier transform of the time integral was solved using the stationary phase approximation to obtain intensity as a function of frequency. The stationary points t S ͑͒ are defined as times at which = ⌬V͓R͑t͔͒ and R S = R͑t S ͒ = R S ͑͒ are the distances at the stationary points.
As is varied, I͑͒ shows peaks when d / dR =0.
Our approach does not introduce stationary molecular states, but instead is based on the time-dependent electronic density operator ͑t͒, from which we calculate the timedependent electric dipole of the diatomic. This is related to our recent integral cross section studies on alkali-noble gas systems 14, 15 and to experimental studies on the optical spectroscopy of alkali atoms in noble gas clusters by Stienkemeier et al., 5 which has inspired our present work insofar atom-atom interactions provide a first step in studying the optical spectroscopy in clusters. Our present application of the theory deals with the time evolution of the dipole for the electronic transitions between one of the excited states with quantum numbers ͑nlm l ͒ of the alkali atom A to other states ͑ground or excited͒ ͑nЈlЈm l Ј͒ during collision with a noble gas atom Ng in the presence of light, which is absorbed as in
and, in particular, Li͑nЈlЈ͒ + He + light → Li͑nl͒ * + He.
In our current work, we make use of classical electromagnetism to obtain intensity of light absorbed ͑emitted͒ and absorption ͑emission͒ cross section from the oscillating electric dipole of the whole system ͑Sec. II A͒. We calculate the dipole moment during the LiHe collision ͑Secs. II B-II D͒ by following electronic rearrangement during collisions, and we obtain the absorption cross section from the second derivative of the dipole. We present results for the interatomic potentials and dipoles within several parametrizations and basis sets, and absorption cross section for LiHe͑2P͒ at 720 K, versus the wave number of the absorbed light. We have also calculated the emission spectra for Li͑2s͒ + He at a collisional energy of 10 keV ͑Ref. 27͒ with the same approach, in a separate work to be published.
II. DYNAMICS OF COLLISIONAL LIGHT ABSORPTION

A. Absorption cross section from the oscillating dipole
The absorption and emission of light are mediated by the second time derivative of the electric dipole. The electric E and magnetic B fields for the light emitted by the dipole 11, 28 are given in Systeme International ͑SI͒ units as
where o =4 ϫ 10 −7 J s 2 C −2 m −1 is the permeability of free space, c the speed of light, r LD is the location of the light detector, t r = t − r LD / c, and n r = r LD / r LD . These equations can alternatively be interpreted as giving the electric dipole that results from the interaction of the diatomic charges with the electromagnetic fields.
The starting point for the treatment of collision induced absorption or emission is the power radiated or absorbed per unit solid angle at a single impact parameter b as given by the Poynting vector, S͑r LD 
where the impact parameter b = b͑⍜͒, and
is a constant times the component of the dipole second derivative projected on a plane perpendicular ͑or transversal͒ to the detectors direction. This can be expressed in terms of frequency distributions by using the Fourier transform as
real. An alternative expression for the radiated power can be obtained in terms of the Fourier transform of the dipole, using
which gives the emission cross section per unit frequency per unit solid angle as
Integrating over solid angles, we obtain the total energy emission cross section as
This can be related to absorption by means of the Einstein relation between the absorption and stimulated emission coefficients 29 near thermal equilibrium, which allows us to set d abs / d⍀ = d em / d⍀. If the volume density of absorbing atoms is n a and n p is the perturber density then the collisioninduced absorption coefficient ␣ abs ͑͒ is obtained from the emission cross section per unit volume of perturber atoms as
In the present work we use atomic units, which reduces the above equation to
3 n a n p͵
where o =4 / c 2 and ប =1. We report results in terms of the normalized cross section for an absorption band of width ⌬ band which can be given as
B. Atomic interactions from pseudopotentials
The time-dependent dipole moment is calculated at all times during the dynamics within the eikonal/time-dependent molecular orbital ͑Eik/TDMO͒ method utilizing l-dependent pseudopotentials for the alkali-noble gas diatomic system. Here we present a brief description of the atomic pseudopotentials, 14,30 as we have previously used. Consider an alkali atom A interacting with a Ng atom B. Let R be the position vector of B with respect to A and r A be the position vector of the electron from A + . The position vector of the valence electron of the alkali atom from the Ng atom B is r B = r A − R.
The Hamiltonian for an alkali atom-Ng atom diatomic is
͑19͒
The term V ͑r ͒ describes the interaction between the valence electron of the alkali atom and the core and is given by
where Q is the net charge of the core seen by the e − at an infinite distance B l,i and ␤ l,i are pseudopotential parameters adjusted to experimental data and P l,X stands for the projection operator on angular symmetry l. The first two terms describe the Coulomb and the semilocal ͑l-dependent͒ pseudopotentials, respectively, while the third term is the polarization term which describes the interaction of the electron with the polarizable core and is given as ͑for each core A and B͒
where ␣ d is the dipole polarizability of the core and w stands for a cutoff function defined by
with an adjustable parameter ␦. The parameter ␣ B q Ј is defined as ␣ B q Ј= ␣ B q −6␤ 1 , where ␤ 1 is the dynamical correction to the static quadrupole polarizability ␣ B q of the Ng atom. The second term in Eq. ͑22͒ is added to account for correlation effects of the noble gas core.
The term V ec is the so-called cross term, which arises from the polarization of B by both e − and A + , and is given by
where P 1 and P 2 are the Legendre polynomials and is the angle between the vectors −R and r B .
The core-core interaction is assumed to have the form
where
and V cc sr ͑R͒ is a repulsive short-range potential of the form V cc sr ͑R͒ = a exp͑− bR͒. ͑26͒
C. Eik/TDMO method with atomic pseudopotentials
The Eik/TDMO method is a special case of the Eik/ TDHF method, suitable for systems with one active electron. The implementation of Eik/TDHF and Eik/TDMO methods has been described in great detail in previous articles, 9, 10, 12, 13 and we only summarize the most relevant equations of the Eik/TDMO method in the context of l-dependent pseudopotentials.
The total wave function ⌿, for all electrons and nuclei, is a solution of the Schrödinger equation for a given total energy E,
where the electronic and nuclear coordinates are represented by X and R, respectively. The Hamiltonian operator Ĥ of the atomic pair can be written as
where M is the reduced mass of the nuclei and H R is the Hamiltonian term for fixed nuclear positions. The effective potential V which determines the motion of the nuclei is
where we have replaced H R with Ĥ el ͑a Hamiltonian including the pseudopotential͒ and = ͉͉͗͘ is the electronic density operator. The dynamics is carried out by solving the Hamilton's equation,
where H is the classical Hamiltonian, coupled to the timedependent differential equation for the density operator ͑t͒,
If we expand the time-dependent molecular orbitals in terms of linear combinations of traveling atomic functions ͑TAFs͒ ͕ p ͖ with expansion coefficients c such that
then the density operator in the basis of TAFs is written as
where ⌫ ͑i͒ is the density matrix starting in state i. The matrix elements of ⌫ ͑i͒ are
and the differential equation for the density matrix is then transformed into
where S = ͗ ͉ ͘ is the overlap matrix and H T is the Hamiltonian matrix in TAFs basis. The propagation of the density matrix is carried out using the relax-and-drive procedure. 
D. Evaluation of the electric dipole
For a general charge distribution, the electric dipole moment operator is given by
where q i is the charge and r i the position of the ith point charge.
An alkali-noble gas atom system is treated as a threebody problem, valence electron of alkali atom and cores of the alkali and noble gas atom. The dipole moment d in induced in core by the valence electron and the other polarizable core is given by
where ␣ d is the dipole polarizability of core and F is the electric field produced at the site of core by the valence electron of the alkali atom and the other core .
Let R be the position vector of the noble gas atom ͑B͒ with respect to the alkali atom ͑A͒ and r be the position vector of the electron from . The electric field produced at is then given by
where Q is the charge of the core . The total dipole moment d is given as the sum of the electronic dipole d el and the induced dipole moment d in as
The transition dipole moment ͑TDM͒ between molecular states m and n is given by
where D = n x D x + n y D y + n z D z , n i is a unit vector along the ith axes and
The average dipole for an initial state n = i is given as
or using the density matrix in a basis of TAF's, as
III. RESULTS AND DISCUSSION
A. Potential energy curves and prediction of transition lines
As a first numerical test of accuracy of our pseudopotential choice we present some results for the potential energy curves ͑PECs͒ for LiHe. The basis sets we have used for Li were optimized in the pseudopotential calculation of the ionized energies of the ground and several excited states of s, p, and d symmetries of those alkali atoms and are given in the usual notation ͑uncontracted/contracted͒ Cartesian Gaussian Table I . This combination of basis set and pseudopotential parameters is called here set IA.
The reader may refer to Refs. 14 and 31 for comparisons of the PECs of LiHe using set IA with calculations using similar atomic pseudopotentials 1 and with experimental and ab initio potentials. 2 These potentials are not explicitly needed in our calculations of the dynamic properties because they are generated over time together with the couplings implicit in time derivatives of the electronic density matrix. The 3D⌺ potential has a larger barrier compared to ab initio calculations 2 but is consistent with calculations using similar pseudopotentials carried out in Ref. 1 . The difference between our potentials and the potentials calculated in Ref. 1 is due to the fact that they treated the two He electrons explicitly for potential calculations.
We can predict the position of molecular transitions based on the difference potentials between the states under investigation. Transitions between two molecular potential energies occur as satellite structures on the red and blue wing regions of the transition between the asymptotic atomic energy levels. According to the quasistatic model, 21, 22 the origin of the satellite structures is due to the difference potential between the two states and the position of maximum intensity of the satellite peak corresponds to the energy where the potential difference exhibits a maxima or minima. From a plot of the potential difference ⌬V͑R͒ versus distance R, the position of the satellite peak is obtained as the energy corresponding to the distance R M at which d͑⌬V͑R͒͒ / dR =0, a maximum or minimum. The larger barrier in the 3D⌺ potential incorrectly predicts the position of the 3D⌺ → 2P⌺ , ⌸ transition to be localized at about 3000 cm −1 on the blue region of the corresponding atomic transition line. 32 This was previously noticed and it was suggested that a possible reason for the high barrier and consequently shifted position of the transition line to a higher frequency might be the lack of f-basis functions in Li basis set. Instead of using f-basis function for Li, we have implemented here an alternative, adding a basis set of extended functions centered on He in addition to including its pseudopotential in the Hamiltonian. This allows the formation of extended He electronic states which can couple with the Li orbitals thereby lowering their energy. This approach of adding basis set for noble gas atoms described by l-dependent pseudopotentials has also been used to prevent the strong distortion of Na orbitals in close vicinity of Ar atoms in theoretical studies of Na in Ar clusters and matrices. 6, 7 We use the basis set for Li mentioned above while for He we use a modified 3-21G basis set. We label this new basis as basis II: ͑9s9p5d /7s7p5d͒ for Li and ͑3s0p0d /2s0p0d͒ for He.
Using basis set II and parameter set A ͑set IIA͒, we find that the barrier in the 3D⌺ potential is lower than the barrier obtained using set IA and also lower than the barrier obtained in Ref. 1 . We carried out a sampling analysis using various combinations of multiplication factors for the ␤ l,i and B l,i parameters and compared the calculated difference potentials for the molecular transitions of interest about the Li͑2P-3D͒ atomic transition line with the ab initio difference potentials from Ref. 2. We found that by multiplying and dividing these parameters, respectively, for He by a factor of 1.1 reduces the barrier even further without affecting the potentials of the lower states. We call this new parameters set B and let set IIB imply basis set II with parameter set B. In Table I , we present the two parameter sets, parameters set A taken from Ref. 30 and parameter set B obtained as described above.
In Figs. 1 and 2 , we compare the potentials using set IA and IIB with ab initio 2 and previous calculations using pseudopotentials in Ref. 1 . For the 3D⌺ potential in Fig. 3 , we also plot the potential using set IB and IIA to show the change in barrier as the basis set and/or parameter set is changed. In Fig. 4 , we plot the difference molecular potential of Li+ He using sets IA and IIB about the ͑2P -3D͒ transition while in Table II , we compare the energy difference of molecular transitions at distances given by quasistatic model, using sets IA, IIA, and IIB with experimentally measured and calculated transition line positions as reported in the literature. Using set IIB, the 3D⌺ → 2P⌺ , ⌸ molecular transition lines are localized at about 1500 cm −1 on the blue region of the 2P-3D atomic transition line and are much closer ͑about + 400 cm −1 ͒ to the ab initio calculated and experimentally measured lines compared to using set IA. Also, using a basis set on He gives transition energies which are very similar to those obtained in Ref. 1 using the same basis set on Li and an explicit treatment of the electrons of He. Optical spectra calculated using set IIB should give good results for position of transition lines when compared to experimentally measured and ab initio calculated spectra.
B. Collision induced spectra
In what follows, we present results for the absorption cross section for light absorbed by the LiHe͑2P⌳Ј͒ excimer and label initial molecular states as LiHe͑2P⌸͒ and LiHe͑2P⌺͒ for convenience. An initial state labeled LiHe͑2P⌸͒ means that we have started in one of the degenerate orbitals of Li͑2p͒ which during collision with a He atom forms the LiHe͑2P⌸͒ molecular state in the incoming collision direction. When making detailed comparisons between theory and experiment, the cross sections must be averaged over the velocity distribution. The averaged cross sections for a temperature T are given by
where f͑v , T͒ is the normalized Maxwellian energy distribution given by
and is the reduced mass of the system.
Light absorption during Li+ He collisions at 720 K
We present here results for the Li͑2p͒ + He collisions at 720 K. Calculations were carried out for equally spaced impact parameters in the range b = 0.1 a.u. to b = 5.0 a.u. with ⌬b = 0.1 a.u., solving the equations of motion for the density matrix and atomic trajectories with ⌬t = 1.2 a.u., and using set IIB. From the oscillating dipole, we have calculated the absorption cross section per perturber atom according to Eq. ͑18͒. In Figs. 5 and 6, we present results for the absorption cross section for LiHe͑2P͒ at 720 K using set IIB. The calculated cross sections are thermally averaged using the mean velocity at 720 K, the two velocities corresponding to full width at half height ͑FWHH͒, and the two velocities at three quarters height in the plot of the Boltzmann energy distribution function versus velocity. We obtain good agreement, as shown in Fig. 5 , between locations of transition lines predicted from potential differences, and positions of peaks in the calculated spectra, shown separately for the two degenerate states, Li͑2p x ͒ and Li͑2p z ͒ leading to LiHe͑2P⌸͒ and LiHe͑2P⌺͒, respectively. The vertical lines show the predicted position of the molecular transition lines. In Fig. 6 , we compare experimental transition line locations and intensities with our total normalized absorption cross section ͓Eq. ͑18͔͒ calculated as a statistical average of the LiHe͑2P⌸͒ and LiHe͑2P⌺͒ cross sections. The intensity of the experimentally measured molecular transition line was normalized to our calculated intensities for the 2P⌳ → 3P⌺ by multiplying the experimental intensities by a factor of 7.8ϫ n He , where n He =4ϫ 10 18 cm −3 is the Helium density at 720 K as reported in Ref. 3 . Our calculated peak wave numbers are in excellent agreement with experiment for the two most prominent peaks, the atomic 2P → 3D transition, and the 2P⌸,⌺ → 3P⌺ molecular transition. The other transition lines are much smaller and visible only in a semilog plot as shown. The other molecular transition lines are also found in the calculations, but calculated intensities for the blue wing satellites are about ten times smaller than the experimentally measured intensities and are approximately 400 cm −1 to the left as predicted by our potentials. We obtain the two expected blue wing satellites as seen in experiments corresponding to the two 2p states; however, the more intense peak coming from the LiHe͑2P⌺͒ calculation overlaps with the peak coming from the LiHe͑2P⌸͒ calculation and both give the single peak as shown in Fig. 6 . This comparison with experiments suggests that the barrier of the 3D⌺ potential should be further reduced by yet another parametrization, to get better agreement on the line positions.
IV. CONCLUSION
Atomic pseudopotentials are very convenient and accurate for studies of electronic transitions in interactions of an alkali atom with a noble gas atom. Comparison of calculated and measured spectra provide a very sensitive tool for parametrization of the pseudopotentials, as we have done here to select suitable sets of atomic functions and to reparametrize pseudopotentials. Using the basis sets and pseudopotential parameters of Ref. 30 , it is possible to provide good results for the low transition energies but one obtains poor agreement for higher transition energies due to the large barrier in the 3D⌺ potential. Introduction of f orbitals for Li has been suggested in Ref. 1 to obtain more accurate diatomic potentials. Instead, we have implemented a different scheme, modifying the pseudopotentials and using a basis set to describe the outer shell orbitals of the noble gas atoms to properly describe the interactions of the valence electron of the alkali atom with the core of the noble gas atom, and we have found that this gives a better description of the electron delocalization around the noble gas atom. Using such modifications, we have obtained good results for the potentials and positions of molecular transition lines without drastically affecting the potentials of the ground and lower excited states of Li. Our intensities for the molecular transition lines compare well with experimental intensities. This work also provides new pseudopotential parameters for He, which give a better description of the optical spectra compared to the parameters 30 used in previous LiHe studies. A conclusion is that to obtain correct absorption spectra, we need to choose a set of pseudopotential parameters which give quite accurate diatomic potentials for the electronic states undergoing transitions. It is also concluded that low energy transitions can be correctly described with an atomic basis set located only at the Li atom, but that more energetic transitions, involving more extensive electronic rearrangement, are better described with an additional basis set located at the He atom. In a follow up to this work, 27 we have calculated the integral cross sections for LiHe collisional system using the new basis and parameters, and have compared them to our earlier work 14 and to published experimental and theoretical work in the high energy regime, including the emission spectra for 10 keV Li͑2s͒ + He collisions.
In general, it should be possible to improve the description of line shapes from transient absorption by using a better description for the pseudopotentials and, or, better atomic basis sets for both Li and He, and then applying the method we have described to account for the coupling of quantal electronic transitions and atomic motions. The present IIB parametrization appears to be a good compromise, insofar it also gives good results for integral cross sections up to 10 keV and collision induced light emission at 10 keV.
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